1 A new Real-Time PCR assay was successfully developed using a TaqMan ® 2 fluorescence probe for specific detection and enumeration of a novel bacterium, 3 Lactobacillus thermotolerans, in chicken feces. The specific primers and probe 4 were designed based on the 16S rRNA gene of L. thermotolerans sequences and 5 their sequences were compared to those of all available 16S rRNA genes in 6 GenBank. The assay, targeting 16S rRNA gene, was evaluated using DNA from a 7 pure culture of L. thermotolerans, DNA from closely related bacteria, 8 Lactobacillus mucosae DSM 13345 T ; Lactobacillus fermentum JCM 1173 T and 9 DNA from other lactic acid bacteria in quantitative experiments. Serial dilutions 10
Previously we have isolated Lactobacillus thermotolerans, a novel species, 3 from chicken feces collected in Thailand (9). The preference of this bacterium 4 for the chicken intestine may be due to the body temperature of chickens, 5 42°C (2), which corresponds to the optimum temperature for growth (42°C) of 6 this bacterium, as determined by measurement of the specific growth rate (9). Real-Time PCR has already been established as a promising tool for studies 20 on the composition of microbial communities in the gastrointestinal tract or 1 feces of humans (1, 4, 5, 12) as well as chickens (13). However, most studies 2 with a focus on chicken microbiota have been conducted using conventional 3 culture methods (6, 8, 10, 11). To the best of our knowledge, there has not yet 4 been a report focusing on the Real-Time monitoring of chicken lactobacilli, a 5 commonly used probiotic organism in the avian industry. The use of 6 probiotics to promote health and nutrition has attracted a great deal of 7 attention these days and claims have been made in this context with regard to 8 daily weight gain, improvement in feed conversion and resistance to disease 9 (3).
10
In this study, establishment of conditions for a Real-Time PCR assay of L. 11 thermotolerans and its successful application for monitoring population 12 dynamics of this bacterium in chicken feces will be described. Bacteria and growth conditions. The strains used in the current study are 3 listed in Table 1 . L. thermotolerans JCM 11425 T was cultured using mixed gas 4 (N 2 : H 2 : CO 2 = 8: 1: 1) in Difco Lactobacilli MRS Broth (Becton, Dickinson 5 and Company) at 42°C overnight, and the reference strains were grown under 6 the same conditions, with the exception that the culture temperature was 37°C.
7
Chicken maintenance and sample collection. Two trials (trial 1 and trial 8 2) were conducted using five layer chicks (Boris Brown, one day old) in each 9 trial in two different periods. The chicks were obtained from the Hokuren 10 Federation of Agricultural Cooperatives (Sapporo, Japan) and were kept in an 11 individual section of a wooden box and were reared for a period of 4 weeks 12 for trial 1, and 3 weeks for trial 2. Chickens were maintained and handled 13 according to the recommendations of the Ethics Committee at our institute. Corporation, Tokyo, Japan). The DAPI signal was captured in ten random 8 microscopic fields. Primer-probe design and specificity. The specificity of the assay with 13 the primer and probe combination that we developed for the detection of L.
14 thermotolerans was assessed using purified genomic DNA from a target strain 15 and the negative controls listed in Table 1 . Real-Time generated C t values of 16 18.5 and 34.85 (average) were yielded for our target strain and the negative 17 controls, respectively. However, a C t value of 34.50 was obtained for sterilized 18 distilled water (SDW), which corresponded to the value obtained for the 1 negative controls (Table 1 ). According to the hypothesis (5) that the C t values 2 of the negative controls and the SDW might have been due to Escherichia coli 3 DNA contamination of the Taq polymerase, we repeated the assay after 4 treatment of the Master Mix with DNase I (Promega Corporation, Madison, 5 WI). However, even after the treatment, we were unable to remove the signal 6 obtained with the negative control and the SDW samples.
Calibration curve and the sensitivity of the assay. In order to construct 8 a calibration curve and to determine the sensitivity of both primer-probe 9 combinations, serial dilutions of DNA prepared from the pure culture of L. 10 thermotolerans (1.84 x10 7 cells/ml) were used for the PCR assay (Fig. 1 ). The 11 minimum detection limit of the assay was 1.84x10 3 cells/ml of pure culture of 12 L. thermotolerans (C t 32.22, while SDW was 34.50). The calibration curve 13 was constructed by plotting the C t values (Fig. 1 ) against known serial 14 dilutions of L. thermotolerans DNA corresponding to cell concentrations 15 between 1.84x10 3 and 1.84x10 7 cells/ml; the resulting curve is shown in Fig. 2 . 16 Each sample was analyzed in triplicate, and the variation in the C t values of 17 multiple replicate runs were found to be very low as indicated by standard 18 deviation (Fig. 2) . The efficiency of the curve was excellent (above 94%), as 1 the correlation coefficient was 0.9974, and a slope of -3.4652 was obtained. two trials monitored by Real-Time PCR is shown. In trial 1, the cell population of L. thermotolerans ranged between 1.8x10 3 to 9.7x10 9 cells/g 1 feces. In general, the chickens showed a tendency toward higher numbers of L. 2 thermotolerans cells until d27. In trial 2, the total L. thermotolerans results 3 also showed a tendency toward slow increases in some chickens from d1 to 4 d21.
5 Table 2 shows the average total L. thermotolerans count for each trial, as 6 obtained by Real-Time PCR carried out on chicken feces samples. In trial 1, a 7 higher number of cells (2.44x10 9 cells/g feces) were observed on d27, as 8 compared with those observed from d4 to d18 (10 4 to 10 5 cells/g feces). In trial 9 2, the average cell populations increased tenfold (10 6 to 10 7 cells/g feces) from 10 d1 to d21. The total cell populations measured by DAPI staining were 11 approximately 10 11 cells/g feces in both trials. Thus, in percentage L. 12 thermotolerans ranged between 9.2x10 -6 to 8.5x10 -1 in trial 1, and 1.5x10 -3 to 13 4.5x10 -2 for trial 2 in feces against total cells in this study. 
11
In general, most of the chickens used in trial 1 showed an increase in 12 the L. thermotolerans population in the feces samples collected from d4 to 13 d27 (Fig. 4) . These results suggest that L. thermotolerans colonize slowly, i.e., 14 until the second week of life, and then rapid proliferation on d27. The average 15 cell population of L. thermotolerans on d27 (Table 2 ) was found to be tenfold 16 that of L. salivarius (10 8 cells/g feces on d40) reported previously (11) in 17 chicken feces. In trial 2, the initial number of target cells on d1 in chicks 1 and 18 16 3 was higher than that of chickens in trial 1. Moreover, the increase in the 1 target strain with time tended to be slower than that of the target strain 2 observed in trial 1. In the present study, the two trials were conducted during 3 different periods of time using different batches of chicks. Moreover, the 4 microbiota of these chicks was not controlled by the suppliers. Therefore, 5 based on the present results, we were also able to conclude that L. 6 thermotolerans is indeed a normal member of the microbiota of the chicken 7 intestine. Since the total bacterial population in chicken feces is approximately 8 10 11 cells/g, our results demonstrated that L. thermotolerans accounts for a 9 minor percentage of the bacterial diversity in the chicken feces (Table 2) .
10
In conclusion, we developed a highly sensitive and specific Real-Time 11 PCR assay for the detection of L. thermotolerans present in chicken feces.
12
This newly developed assay was successfully applied to monitor the dynamics 13 of this novel bacterium in chicken feces thereby providing a powerful tool to 14 study the distribution and abundance of this bacterium in a complex microbial 15 community. The present results also demonstrated that this novel bacterium is 16 a normal member of the chicken intestinal microbiota. 17 We are currently developing fluorescent in situ hybridization coupled with Total cells 4.0 (2.0) a x10 11 3.4 (2.4) x 10 11 1.3 (1.6) x 10 11 2.8 (4.7) x 10 11 6 L. thermotolerans 3.7 (4.7) x10 4 5.8 (11.8) x 10 5 2.2 (1.8) x 10 5 2.4 (4.1) x 10 9 7 Percentage (%) b 9.2 x 10 -6 1.7 x 10 -4 1.6 x 10 -4 8.5 x 10 -1 8
Trial 2
(cells/g feces) 9 d1 d7 d14 d21 10 (n=3) (n=5) (n=5) (n=3) 11
Total cells 1.6 (1.5) x 10 11 2.0 (1.2) x 10 11 8.5 (6.2) x 10 10 1.3 (1.1) x 10 11 12 L. thermotolerans 2.4 (3.9) x 10 6 6.2 (4.8) x 10 6 3.9 (4.0) x 10 7 2.0 (6.2) x 10 7 13 Percentage (%) b 1.5 x 10 -3 3.1 x 10 -3 4.5 x 10 -2 1.5 
